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Discussion of the parameters governing noise control and room acoustics are 
followed by a demonstration on how to achieve a good acoustical environment. Topics 
emphasized indude— (1) design and control objectives, (2) noise sources and 
propagation, (3) reverberation parameters, (4) noise control factors and parameters, 
and sound systems Also included are — (1) a table of area noise criteria facto* 
( 2) five acoustical specification chart Sr and (3) a forum and question pnnoci MO 
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ACCFUSilCAL SSTEflDSi? FOB ACAIZ-UC EIUDZHS. 
By L. J. Lcrtie, 11. J. Fappas & Associates. 



CD 

LiJ ZJ1BQIHXTTQ!! 

During t h e course of year academic years, yea have certainly 
been subjected bo noise. Sometimes , the type of noise combined wiuh uhe 
function yoa attended irritated yea. Cn other occasions, a noise of a 
totally different nature provoked laughter . I Jo natter "Khan the nature 




caity in speech c ommun i cat! cn 3 either in classrooms, hails or amphi- 
theatres 5 due to either too much reverberation or insufficient loudness 
or both. 



Gne lyce of building in winch noise o:;.v- be iioinised 
~5 T^r.o i ~h cH h-n -s t .y insde at premium is academic type of bail, ding. 






The of this presentation is not to stress the importance 
of a good acoustical environment in academic buildings bat to acqua in t 
yoa l) with the parameters which govern noise control and those which 
govern room acoustics and 2) to demonstrate how a good acoustical envi- 
ronment can be achieved. 



UOISS CGIiTEOL .41 H) ACOUSTICAL 3S5I(g? OBJECTIVES 

I'Jhen controlling the acoustical environment of a building in 
which all the rooms are used for speech communication almost exclusively, 
the objective is to meet predetermined values of noise criterion and 
reverberation time 5 prd there are optimum values for both. To achieve 
physical comfort , in fact, a room mast possess a certain amount of noise 
and reverberation a nd their optimum value derives from practical experi- 
ments conducted by well-known authorities on this subject over a period 
of several years. 



BOISE SOURCES MID BOISE FBOPAGATIOII 

To remain in the context of academic buildings and keeping 
in mind that "noise” is a disturbing sound, the noise sources are many 
and varied. They may be divided into two categories: internal and 
external. The most important internal noise sources are the following: 
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a) Ventilation equipment. 

b) Air conditioning equipment. 

c) Electrical transformers and fluorescent light fixtures - 

d) Impacts (footsteps, etc.) 

e) lend conversation. 

f) Plumbing. 

g) Elevators and escalators. 

Among tie many external noise sources those we are mostly 
concerned with are the following: 

a) Road, railroad and air traffic. 

- ^ - - - / - — % 

D } asne yytoa ^itai-uv c^pj-osawiis./, 

c) Hoad and bi n 1 din g construction equipment. 



li: oi.se originates in the fora of a mechanical vibration. Some 
of this vibratory energy is immediately translated into a fluctuation of 
the asbiant air pressure. This is called air fems noise. Part of the 
vibratory energy is also trassatifid to structural components of buildings 



in its original form with more or less amplification or attenuation, de- 
pending on the resonance and damping characteristics of the transmitting 
media. This is called structure borne noise and is also invariably 
translated into airborne noise. If of sufficient intensity, airborne 
noise will somet ime s translate itself into structure borne noise as if 
frequently occurs in the case of sonic booms. This is called air coupled 



vibrations. 



AGHJEVThG A COMFORTABLE ACOUSTICAL mWIBDIWn! 



At the outset of a project in which proper acoustics are 
contemplated, it is customary to write an acoustical specification. 
Other t han elaborating on various contractual commitments, the acous- 
tical specification establishes the criteria of acoustics and noise and 
outlines the general mann er in which those criteria will be met. 

This brings us to the main purpose of this paper: TI Kow to 
physically meet the criteria of acoustics and noise tr . 

Those who are assigned the task of designing acoustics and 
noise control on a project for the first time,"* are confronted with the 
question as to whether the acoustical design or the noise control must 
be considered first. This question can be answered in the following 
manner: 



v>e intensity cf a sound -wave ir a men 
with the square of the distance iren the sound scuro 
distance, however, the intensity ceases to decrease 
Twrig effect is proporti .o na 1 to the amount of absorpb 



. decreases inversely 
e. Fast a certain 
and r enains constant, 
icn in a rocc. 



On the other hand, the main acoustical design parameter of 
a room, is reverberation t ine which is also a direco imcoicn of nhe 
amou nt of absorption in a room. 



Since , therefore, the acoustical design of a room has an 
effect cn the ability this rocn has to ax ueiruaue "she amplruu.de 01 sound 
waves, the acoustical design mist be considered first- Proper acoustics 
in classrooms are relatively easy to achieve. Eeverberaticn tine is 
the imp ortant criterion and is calculated as fo Ileus: 



T = 0.049 ¥ 



T 



90 m 






¥ — mom volume in cubic feet 



S — area of all surfaces in square feet 
a z average absorption coefficient of the room. 



The absorption required to achieve a prede ue rmi r ed amount of 
reverberation t ime is generally supplied by l) the people in the class- 
room and 2) by acoustical tiles placed on the ceiling. ±t is also good 
practice to place acoustical tiles or any absoroing material on ohe rear 
■wall, thus preventing sound wave reflections from inberf erring mill 
direct "waves. 



lobbys, halls, libraries, cafeterias and offices are also 
designed to meet a predetermined amount of reverberation time and this is 
pretty "well the only acoustical criterion for these functions. 

Tn the acoustical design of audit or ia, other parameters such 
as diffusion and room modes are involved. These parameters are, however, 
not discussed in this paper since they generally form the basis for long 
and elaborate discussions. 



ITO-tSE COIITRQL 

Now that the absorption has been calculated to achieve pro- 
per acoustics throughout a building, a factor which will be important in 
the calculations for noise control, can be extracted from the calcula- 
tions previously performed in the design of room acoustics. This factor 
is c alle d the room constant and is found as follows: 




R ==_Sa_ 
1-a 



it is this factor which determines whas j- P . TP mim noise level 
can be tolerated at a noise generating source located in a room in order 
to meet a predetermined noise criterion for that roan. A better under- 
standing of this statement 'will be gained by inspecting nne lolloping 

formula: 



SPL = FivL + 10 log 






0.5 db. 



where SPL — Sound Pressure Level at a given distance from 
a sound source. 



KJL = Power Level of the sound source. 



Tf the avcrase absorction 1? high, H 15 hi gh and cons squently 
has such effect on the formula. It means that at a relatively appreciable 

distSBCB +jj0 SOJirC 1 ?^ r.nR SOMBQ. JL6Y61 Hll !. 152,76 u8Cr82SSu 

cantly. If, on the contrary, the average absorption is low, at a rela- 
tively appreciable distance from a sound source the sound level will have 
not decreased significantly. -Another way of saying io is: ,f The higher 
the room constant, the larger the distance between the sound source and 

the reverberant field". 



It is through the use of the above fo rm ula that the maximum 
sound power levels can be established for the noise enanat mg -y** yf~~ 
fusers registers of ventilation systems, and from window aid wall 

surfaces. 



Once these levels have been established, i*> Is i»hen 
a matter of contro lling the media which will provide the necessary amount 
of sound attenuation in order not to exceed those noise levels. 



Without enterring the technicalities of the operations per- 
formed in noise control, let us e xam i n e the means and tools which are 
available to acousticians to help then control noise. 

Ventilation and mechanical equipment noise? — Formulae 
exist by which the power level of the noise produced by ventilation fans 
can be calculated. The parameters are the following: 

1. The type of fan (centrifugal or axial) . 

2. The displacement in CM (cubic feet per minute) <. 

3. The static pressure in inches of water. 

4. The speed in RFM and 

5. The hose-power of the driving motor. 



The attention of the ducts connected rath a fan can also 
ce calculat ed in terns of db/fcot. One can therefore calculate what ohe 
noise level of a ventilation system sdll he at the various circlets cn a 
ductwork system. If the noise is found to be too high an an out leu, 
so und absorbing material may be used in the form of lining inside uhe 
duct. Xf the length of duct is insufficient to accommodate uhe recuired 
amount of lining mate rial ; a silencer 'will have to be used. To undersuand 
the operation of a silencer, it should first be mentioned tint the uwo 
rga-5r> factors which govern the sound attenuation of a duct are l) uhe 
absorption coefficient o* the surfaces and 2) the ratio of the perimeuer 
of the duct to its cross-sectional area; the larger this ratio the higher 
the attenuation. A silencer, therefore, is a section of duct cont aini ng 
splitters -which effectively increase the ratio perimeter/area. These 
splitters are further lined wii-h sound absorbing material to increase 
the absorption coefficient of the surfaces. 



5^r> i?rd trass^aslcn loss of 'walls :— 

ps a general rule, the sound transmission loss of a maters si 
is proportional to its surface "weight . The air space beuween two whyoes 
of a partition also add to the transmission loss of the partition. in 
this case the efficiency of the air space increases -with frequency. To 
get a good benefit of an air spaced partition at low frequencies, the 
latter must be at least four inches. 



Impact noise rating of floor /ceiling constructions :- 

There exist no valid formulae by which this par am eter can ce 
calculated. Suppliers of prefabricated floor elements and governmerital 
research institutions , however supply on request, litterature which con- 
tains the impact noise characteristics for various floor/ ceiling construc- 
tions. 



i s nipt ion of mechanical equipment, vibration :— 

The general rule was, until recently, that when mechanical 
equipment such as fans, chiller compressors , water pumps, etc... as 
located in proximity of a critical area such as bedrooms or executive 
offices, to* provide a vibration decoupling efficiency of 95% or better. 

3h all other cases a decoupling efficiency of 85^ to 90% was satisfac- 
tory. There are numerous tables available which show at a glance the 
required spring static deflection as a function of BP24 and decoupling 
efficiency. These tables assume that all vibration mounts are undamped 
but are nevertheless used quite extensively. 

A more logical approach to vibration decoupling was re- 
cently introduced in the field of engineering and which is derived direct- 
ly from the dynamics of vibrating structures. The vibration isolation 
systems are designed as a function of both the dynamic characteristics 
of the machine which is to be isolated and the dynamic characteristics 
of the section of the structure where the machine is located. 
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TABLE OF NOISE CRITERIA APPLICABLE TO THE 
VARIOUS FUNCTIONS FOUND IN ACADEMIC BUILDING 



Function 


Noise Criterion 


Ciassrccms 


NC-35 


Recreation halls 


NC-50 


Lounges 


NC-35 


Lobbys and corridors 


NC-40 


Libraries 


wr-9*; 


Cafeterias 


NC-45 


Auditoria 


NC-25 


Private offices 


NC-30 


Secreteriai offices 


NC-40 


Dormitories 


NC-30 



n j poppas & associates 
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FREQUENCY BAND - CYCLES PER SECOND 



Fig. 1 



Field Measurements of Sound Pressure Levels 
in the room underneath a floor construction 
on which a standard tapping machine is opera- 
ting should not exceed this curve by more than 
the tolerances specified in section III-A-3 
of the text. 
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SOUND TRANSMISSION LOSS (decibel) 
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Sound systems find more and more use in academic buildings. 
They are used to provide music in cafeterias and lounges and to address 
students in classrooms, amphitheatres and gathering halls. Jhtercommu- 
nication systems are also used to a large extent. 

’lore than often, sound systems are not adequate from a point 
of view of uniformity of sound distribution and intelligibility, because 
the acoustical characteristics of the rooms in which the loudspeakers 
are installed were not properly accounted for. The number, the location 
and the acoustical power of the loudspeakers are directly related to 
the acoustical properties of rooms and their function. Sound systems 
mus t therefore be designed by system engineers working in close coope- 
ration with acousticians . 



CGYGIU5I0IJ5 



Working in a pleasant environment is certainly more fruitful 
in eU respects than working under adverse conditions of comfort. Acous- 
tics in acad emic institutions rank on the same level as appearance, light- 
ing gT?d climatic co ndit ions to provide comfort. These four conditions 
must work as a group. If any one is at fault the value of the others is 
badly impaired. 



MR. BLOifill: Thank you, Mr. Lortie . 1 am sure many of us now know a little 

more about vibrations and acoustics than before and it should be very 
helpful in planning our next buildings. 



F050H Aim QuESTTOIJ PERIOD 

CHAISMMI : Jean Blouin, University de ISontreal. 

PAJ3ELISTS: L.J. lortie, 1J.J. Pappas & Associates. 

E. Yeo, Western University of Ontario. 
L. Doelle, Consulting Engineer. 

J. Hamel, University de Sherbrooke. 



MR. BlOUjII : We have now reached the question period and ± will ask the 

members of the panel to say a few words on the subject. 



k 



?/r? _ Y 30 : Wr. BIc^Ie asked zs this morning to say a few words cn this 
subject. We do not seen to start socn enough* m the plan n i ng oi cur 
buildings, to handle the acoustic problems that coze along. So T we 
recognize these difficulties only when we have them and then we have to 
do scene expensive alterations or live with then. We can learn bo^ 
recog niz e these problems perhaps if we have similar situations- it 
seems difficult to recognize the problems in new projects. Every ^ 
building, every project is different . What we need is a method ^ of 
finding the problems, new types of equipment,, new types of construc- 
tion. Probably noise control is one of cur more serious problems. 

We must start earlier in cur planning. I think the follow up on the 
installation is a point. 

3®. ¥JMELz I think Mr. Yeo had just about the same ideas as I have. 

I have taken notice of what was said this morning that there was a lack 
of communication from the start. X would like to add chat the maiy^ 
problems we have with acoustics are very expensive to correct once che 
whole thing is done- Mr- Bleu in was saying ^ they called in a consultant 
after this auditorium was finished. It is much better to have the con- 
sultant before. 

MR. DOELLS: The subject of acoustic has been quite well treated by 

Mr. Lortie. I would just like to make a few comments particularly on 
room acoustics* because as you listen to the speech oi Mr- Lortxe* these 
are the two main problems * achievement for good hearing and the reduc- 
tion of noise. Mr. Lortie pointed out the importance of speech 
rit . pi 1 2 lil y in an auditorium- Wha*/ is speech 1 igib^ 1 ii y? 

When we provide good reception for the spoken word do we know what we 
are doing? We are tuning the auditorium for speech- We tune the audi- 
torium in exactly the same way the violin makers tune their violins . 

We tune it to the sound of speech so that you understand the speech - 
I think that the tuning of an auditorium in an academic building is very 
Important. The academic building auditorium is the instrument of educa 
tion. It is the instrument of examination* of knowledge* and experience* 
and furthermore the instrument of friendship* mutual understanding* 
mutual respect* which is so important in this world to-day. 

Another thing I would like to emphasize* in i»he provision 
of good acoustic conditions in an auditorium* the installation of a sound 
system is very important. It must be remembered that* in an auditorium 
in an academic building* there must be provided a two-way communication. 

One communication from the lecturer to the audience* and one from the 
audience -1 back to the lecturer. If you are sitting in an auditorium it 
is different from a theatre or a concert hall. Ii you are siting in 
theatre you are a member of a large audience and you do not want to be 
identified. In a lecture hall you want to maintain your idenoity. You are 
an individual; you want to ask questions and these questions must be well 
heard and understood by the lecturer. This cannot be done where there 
is no two-way communication. How do you provide this? From e ce g. 
The ceiling must be properly shaped in an auditorium* the room shape and 
the fini sh are all extremely important. 
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These whs re just a few remarks in this very short t ins p^d 
I conclude that the welfare of the ac adeni . 0 b uildin gs Tor vtich pun are 
responsible are in lery capable hands. 

CYAISI1AN : The meeting is new open to questions fr cm the floor. 

-3. LEEEAU, irCBTHmASTEHII JZTTjERZTZIz Bo pen sap that reverberation is 
about 3/LGihs of a second in speech" 

1-3. LCRTJE: It Is dependent cn the volume of the room, cn a typi cal 

size of 4, COO c.ft. 



rUE3TI0!J : There is one factor, I believe, pen have no control over a^r! 
than is the fixed relationship between the sonnd sonree end the rever- 
beration sound except as a ratter of dis tance. 

13. lCRTIE : This is function of the roon. It is no s tip concerned in the 
des ign of the auditorium . 



QUESTION: 1 wonder if the relationship is in the pla cenent of yc nr speakers. 

Arrange then m a manner that pon would have an infus ed relationship so 
that pour speech would not be interfered bp the reverberation? 

13. LC55TE: Definitely. A sound system, as designed bp a sound engin eer, 

is one of the instruments to rake the fusing of the loud speakers so that 
the distance between the speakers is counted ond will not cause interfe- 
rence. 



23. MISSI, I£iI5EESJTI GP fiAIvAxi.: You said there was a problem with this 
auditorium. I find it veip comfortable. hJhat was wrong* and what did von 
do? 



13. jlGRTIE: ibis auditorium at this end is not very wide, and the problem 

is that when we talked here we did know if our voice carried. ¥e had the 
impression that poo could not hear os. 

23. TK0M3, CABNEGIE INSTITUTE OF TECHNOLOGY: If poo have done everyt hin g 

poo can to b uild a perfect room and to install a perfect sound system, 
what can be done to educate the person at the microphone to use the micro- 
phone as he should? 

23. LORTlE : Implement a training, I would suggest, and if poo pot this 

in the new rules for the auditorium and paste it on the door, then it 
might work. 

Incidentally, I gave a talk along these lines. The editor 
of the university newspaper was interested and I have written an article 
in which I go after the people who refuse to co-operate with the P.A. man 
and I hope that it is widely read. 
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QUESTION: Ye are in the process of b uilding a Science school- Ye are 
a very small school. Ye are going to ha^e a lecture hall of 350 capacity 
and a P.A. sysisn. Hew do jcu take care of the acoustics for a i 
group and for a lecturer? 

ME. iX2LLE^ If yon have an auditorium for 350, which is very snail, I do 
noi> _ trunk that, once the rccr has been designed to cany the sound pro- 
P-^-y - rczi sound source and a reasonable sztxpjbz, of acoustical ra^eriaX 
we_l chosen and suitably located, yon will have no orcblem. a 350 andi- 
^orann as going to be about 60-65,000 cubic feet or less and this is a 
sz2a__ roon. your lecturer has had some practice and is a t rained 
spe» ~r, yon^do mot need a sound system. rnit the room shaoe must be 
properly designed, acoustical asa uerial s mist be prcoerly distributed. 

ME. S3SS, SIE (SGE S3 SZOXIAJS blJIMSSjW: I have a problem which is a 
e TOO difficult. Ye have air conditioning and ventilation syst ems 
c ^ — isolated as far as sound inside the building. But *-cw 

can you eliminate noises to the street? Ye have many com plaint s Ye 

?f*fn ^ our . ccnsultaats. They case up with an answsr, but it amounted 
°° vlU,WX). wm.ch as more tnan ohe equipment is worth. Is there an 
answer? “ - 



m. msm-. First of all, it sust be established what is the source of 
noise responsible for this amplification outside the building. If it is 
found, then the first thing is to put a silincer on the fan, the duct that 

gives transition reverse on the street and then the eouittaeiit may also 
need treatment. 



i*5S. hiRiOii, mJIEESSrn OF CSEGOIj: I’Jhat effect does carpeting have? 

IZR. D0ELLE-: Carpeting is usually used along the floor but you- do not 

need an acoustic treatment along the floor because the audience supplies 
to eliminate footsteps which might be irritating. From that point of 
vj.6v you do not add to the acoustical Qualities of the room, or rever- 
beration, but you do benefit by the elimination of shuffling noises. 

QuESTIOn : You have developed formulas for controlling noise inside the 
building. Have you developed sound formu la s for traffic noises, exterior 
noises, is there anything you can do about them? 

2ffi. LORTjS : Usually noises from external sources are attenuated by the 

construction of the exterior wa ll s of the building. How ir> "the case where 
you do have a noise source outside the building which is disturbing inside 
one way to counteract this is by adding noise to it in what is called 
masking noise. This is probably what Mr. Newman referred to by “perfume”. 
The noise should be or such a nature that, even if it is low in level, it 
may be suificient to mask the outside noise. Masking can also be provided 
by background music. 



in 



l\R. lOELLS: t would like to point cut that, since this is an extremely 

noisy -world, ve should not he too sensitive to noise because, on the 
cne hand we cannot do too much about it, cn the other sane people 
definitely enjoy noise. If you have ever entered a discotheque, and 
seen the future generation; hew they enjoy the total envi r oiment in 
which there is noise and nusic cn a very high level. I can assure you 
than the future generation will not he so sensitive to noise, snd the 
noise criteria that has been so well detailed are going to be changed, 
he sha ll tolerate higher noise levels. So we better live with the 
noise . 



2*®. VjEBER, U2QI7EBSITI OF MAEIiMiD: I understand that in the ciassroca, 

cne place where you do not use acoustic was in the ceiling? 

2£R- iijETXE: hot in the case of classrooms. fahen we refer to class— 

roems we have in mind a room to accommodate 30 people in which case 
we do not use the ceiling to cany the voice, but the walls. The length 
of the room in a classroom is such that we can carry the sound waves 
without special treatment. But in the case of an auditorium or an amphi- 
theatre, then the ceiling is used to carry the sound waves to the back. 
But generally, not in classrocms. 

ME. DOELES: If you would ask me what is the most important recccmanda- 

tion for good acoustics in an auditorium, I would say that requirement 
ho. 1. would be acoustic treatment of the ceiling. 

MR- MC&Az , WKVmSITY OF TMHBSSSEEi Can you give a statement of the 
tolerable noise for a telephone office which might be located next to 
our equipment area. Is this a realm of high tolerable noise? 

2®.. IOBTIE: As quoted, in the Index of noise control, for proper tele- 

phone conversation EC 40 is about the limit, at 45 it becomes* difficult 
and at 50 or over It is impossible. EC 40 would be the mi ninnim tolerable 
noise where telephones are used- 

CH/OBMM: I would like to thank the members of the panel for their 

participation. 
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